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Z[]_fz]thv}¤_R^ v{¨£^&]©^/©ÊR©]¾nh[]_th_R{gpnh_Rtuth_	Éj]tp_R^&_Rn§¨®v{t±}_Rtqnr©Ji{gpnhtri{©}[npÐ _RvA~]_ ­Cgp]{_gpghj]_
z]thvAR_	ghgpv}thgr¯"g"i{ v}~ z]tpv}¤]©_R^ z]tpvS{_R Ë¾sOÐÅRv{^/z]©_	nh_4© ¡ m_nWnPk¥¨®v{t"{_R]_	tri{½xf¿'g	¶ · ghj<[
^°ik<[]]_	gRnr[_(iknr_	]R©_Rgv{¨Onh[]_v}zÁ_	triknhv}g_	th_Mikghghj^/_	~³j]]µnJi{~À[]_	]R_nr[]_RvA~]_v}znh^&ÊJi*nrv{
nr_	<[]]Éj]_	gc§_Rth_¨®vm	j]gh©]°v{³th_	~]j]	]&nr[]_j]^M¤|_Rtfv{¨1_lm_	Rjnh_R~¼v}z|_Rthiknr©v}]gR¶xc³v{znr©^°i{ºth_R{gpnh_Rt
i{©vmRiknr©v}'Ji{ª¤Á__	©nh[]_RtÒ]~]©]i{ªv}th~]_	t¨®v}tnr[]_§v}z|_Rtri*nrv{]gµnr[¸i¾^/©]^Mj^j]^M¤|_RtOvk¨th_R{gpnh_RtpgR
v}tMÒlmGnr[]©gMv}th~_Rtai{]~´^&^&ÊR©]2nr[]_-ik^/v}jnMv{¨fghz]©	vm~_2nrtpvm~]jR_R~º¶  ´nr[_2Ji{gp_-[_Rth_
nr[]_»½c½¿©gi«nrtp_R_@­Ci{thµnr[]^&_	nh"_lmz]tp_Rghgpv} ¨®v}t/]gqn<i{R_¯Wfnh[]_Gv}zmnr^/i{th_	}gqnr_	ti{©vAJiknhv}²Ji{
¤Á_°Rv}^&z]jnh_R~¬©¬zÁv{©oA]v}^&Âi{ORv}^&z]_Wlm©nÅo}¶ÀZ[]_z]tpv}¤]©_R^ v{¨^&]©^/©ÊRnr[]_/Aj^M¤Á_	tMv{¨tp_R}©gpnr_	thg
]_R_	~]_R~¼nhv°_	ki{©jiknh_Mi{À_lmz]th_	ghgpv}Gnhth_R_(©nr[v}jn¾ghz]©gi{gcÒtpgpncth_Rgpv}©{_R~¼¤o³Ëci{ *iknri³¡¢Ëci{ Q*¥Oi{]~
df_	~]ÊR©_ wpvgh ¡¢d_R~3Qnh*¥¦¶ m_	nh[]i{]~ ¾©^°ik(_Wlmnh_R]~_R~anr[iknOth_	ghj]µn±¡  c{k¥Anrv^&]©^/©ÊR_±nh[]_i{^&v}j]n
v{¨ghz]©£	vm~]_']_	_R~]_	~Ànhv&_ki{ji*nr_'i{-_lmz]tp_Rgpghv{Ànrtp_R_k}©{_RÀi¸Òml_	~³j]^M¤|_Rtv{¨th_	}gqnr_	thgR¶
  zz|_R©]_R~ i{th<[©nr_		nhj]th_	gRMgpv}^/_«v}zÁ_	triknhv}g³Jik []i{_@i ~]_RiJo ¤]jmnGnr[]_´	vm~_¬gGgqnr©'©mÐ
_Ji{t	¶;I§o i{ghgpj]^/©]¬nr[]iknnr[_Rth_»©g]v@v{nr[_Rt2_lmz]©	©nz]i{tri{©_	gp^  nh[]_¼}_R_Rtri*nr_R~ 	vm~]_¼_WlmR_Rzmn
«nh[]_°zz|_R©]_{ghv}^&_°tp_Riknr_	~V§v}th »nrtp_Jiknhgªnr[]_/th_	}gqnr_Rtªi{©vmRiknr©v}»z]thv{¤]_	^j]~]_Rtnr[]©gMi{gpghj]^&zmÐ
nr©v}«¡'suÍhePA|suÍh`k'_	gh}*¥¦¶ÍO]~]ai{Àv}znh^/i{ºtp_R}©gpnr_	tfi{©vmRiknr©v}°¨®v}t_lmz]tp_Rgpghv{³nrtp_R_Rg©nh[³i
~]_RiJo}_R~¼©vi{~"v{¨`ª[]i{gc¤|_R_	¼z]thv}_	~»i/z|v}©oA]v{^/i{£z]tpv}¤]_	^$V¡ suÍh`{'suÍheP¥¦¶¾Ív}t¾~_RÂiJoAgci{th{_Rt
nr[ikV`}mnr[]_'z]tpv}¤]_	^ gqnr©£th_	^°ik2~]µÌ/	j]©nR¶
Ï µnr[nh[]_'nrtpvm~]j	nr©v}2v{¨^Mj]µnrz_fghgpj]_'z]thvAR_	ghgpv}thgª­    Ï i{]~"ghjzÁ_	thghRi{Âiktz]thvAR_	ghghv{thg<¯Wnr[]_
gh_	^°i{nh1v{¨Anr[]_uv}z|_Rthiknr©v}]g<[ik]}_R~¹nh[]_R©tÂiknh_R]	_Rg¤|_RRi{^&_1]v{nj]]µni{]~'Agh©¤]_nrvnr[]_u	v}^/z_	thg	¶
mR_°nh[]_v}z|_Rthiknr©v}]gJi{´¤|__lm_	Rjnh_R~@¬z]i{tri{©_	¦nr[]_	vm~_v}znh^&ÊJi*nrv{»nh_R<[]Éj]_Rg¸^&{triknh_R~
nrvi{th~]g¸^&^&ÊR©]2nr[]_/nrv{nri{gp<[]_R~]j_nr©^/_/¤o¬^&z]©_R^&_Rnr©]À_Ì&R_	nagh<[]_	~]j]©]Gnr_	<[]]©ÉAj_RgR¶
Z[]_ctp_R}©gpnh_RtLi{©vmRiknr©v}M¤|_RRi{^/_nh[]_R/Rv}]gqnrthi{]_	~/¤oanr[_fnhv{n<i{gh<[]_	~]j]_fnr©^/_k¶Iv{nh[&nh[]_fz]thv}¤_R^&g
v{¨£^&^&ÊR©]¾nh[]_fth_R{gpnh_Rtuth_	Éj]tp_R^&_Rn§µnr[/i'Òml_	~/nhv{n<i{gp<[]_R~j]_fnr^&_{v{tL^&^&ÊR©]¾nh[]_nrv{nri{
gh<[]_	~]j]©_(nr©^/_¾©nr[Ài¸Òlm_R~³j]^ª¤Á_	t¾v{¨th_	}gqnr_	thgi{gfz]tpvS{_R³ËcsOÐÅ[ikth~V¡ SL¿  heP*¥J_	{_RÀ¨®v{t¾½xf¿gR¶
]¾v§_	}_	tR©Gghv}^&_ªgpzÁ_	Ri{Ri{gh_	gRº§_MRi{Gghv{©}_(nr[]©gcz]tpv}¤]_	^ ©nr[³i°z|v}©oA]v}^&ÂikRv}^&z]_Wlm©nÅo}¶¾Ív}t
]gqn<i{R_{\J"_R_	g·©´¡ J³½,hnhk¥±iJ}_ai°z|v}©oA]v{^/i{i{}v{th©nh[]^[]©<[¼z]thvA~]j]	_R~4i{¼v}znh^/i{gh<[]_	~]j]_
v{¨iª¤]©i{tpo&nrtp_R_·{©}_	-iªÒlm_R~-j]^M¤|_Rtvk¨tp_R}©gpnh_Rthgº¹±nr[]_cnhth_	_·^Mj]gqn]v{n	v}n<i{©j]iktpov{zÁ_	triknhv}]g	
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Z[]g§th_	zÁv}tqn§i{~]~]tp_Rghg§nr[]_fz]thv{¤]_	^v{¨th_	}gqnr_	t§z]tp_Rgpghj]tp_·&	oAR©f~iknri~]_	zÁ_	]~]_	]R_}thi{z][]gc­9½c½¿'gr¯
©nh[ ^Mj]©nhz]©_Àtp_R}©gpnh_Rthg/nÅomz|_Rg-ik]~ ]v@i{gpghj]^&znr©v} i{¤|v}jn°v}zÁ_	triknhv} Âiknh_R]	_Rg	¶ jt2i{^ ©g/nrv
 j]Rv}j]z_'nh[]_th_R{gpnh_Rtpg¾	v}]gpnhtri{©nrg·ik]~Gi{©vAJiknhv}/¨®thv}^nh[]_(gp<[]_R~j]©]°z]tpvm	_RgpgR¶Z[]_ªzthRz]i{
th_Ri{ghv}"g§nr[iknnh[]_th_	}gqnr_	ti{©vmRiknr©v}°zthvAR_Rgpgg^&v}th_c^&zÁv}tqn<i{nRi{gik"v{znr©^/©ÊJiknhv}&gpghj]_k]nr[i{
RvA~]_gp<[]_R~]j]¶»Z[]gM©gª¤|_RRi{j]gh_nh[]_2RvA~]_z|_Rtq¨®v}th^/i{]	_°©g(¨Ci{tM^&v}tp_°gh_	]ghµnrµ}_°nhvGnr[]_^&_R^&v}tqo
i{R	_Rgpg¾nr[]i{2nrv¸nr[]_Ò_ÐÅ{tri{©2gh<[]_	~]j]©]¹Li¸Ji{<[]_^&ghgzth_	{_Rnrgfnr[]_'z]tpvm	_Rgpghv}t¨®thv{^i{<[]©_	A/i
[]{[³~oAi{^&  s|_	}_	¼©¨±nh[]_Mgp<[]_R~]j_Rtc[i{gc_WlAnrtrik	nr_	~¼©ncikn·	v}^&z]©_'nh^&_{¶ ·j]t·ikz]z]thv}i{<[Ggnrv
n<i{ k_(©nrvai{	Rv}j]nnr[_tp_R}©gpnh_Rthg	v}]gpnhtri{©nrg¤|_	¨®v}tp_'nh[]_'RvA~]_gh<[_R~]j]©]a©nh[]v}jn[j]tqnr©]¸nr[]_  s
v}tth_	gpnrtpnrMnr[]_'gh<[_R~]j]©_Rt	¶
·j]t§v}tp -i{~]~]tp_Rghgp_RgnÅv&~]º_	th_Rnf}©v}¤i{Ágh<[]_	^/_	gf¨®v}t[]i{]~]©]Mnh[]_'th_R{gpnh_Rtpgf	v}]gqnrtriknrg£¹
`}¶nr[_Mth_	}gqnr_Rtpg·Rv{]gpnhtri{©nhg·i{tp_(nri{ {_	4©nrvikRRv{j]n¤Á_¨®v}th_ªRvA~]_ªgp<[]_R~]j©nr[v}jn·Ri{thtqoA]
v}jni{oath_	}gqnr_	t§ikvAJi*nrv{£{gp_R_·Í}j]tp_`}¶µ`}¶ im¶±Z[]_fz]j]thz|v}gp_¾©gLnhv(_	]ghj]tp_¾nh[iknunr[]_fgh<[_R~]j]©]
z]tpvm	_Rghg¸©L]v{n¸tp_RÉj]tp_^&v}th_tp_R}©gpnh_Rthg(nr[i{´nh[]_v}]_	gaiJ{ikÂik¤]_&¬nh[]_°n<ikth}_n¸z]thvAR_	ghgpv}tR
i{]~²[]_	]R_-nr[]_"ghj¤]gh_	ÉAj_Rn2th_	}gqnr_	tai{©vmRiknr©v}«§v}j]~²]v{na©nrthvA~]j]	_-ghz]©	vm~]_k¶  ²v}tp~]_Rt
nrv°i{<[]©_	}_(nr[]_	gh_M}v}i{g	§_Mgqnrj]~o"nr[_(nÅ§v]v{nhv}]g[]©<[G~]_	Ò]]_ªnr[_ªth_	}gqnr_	thgczth_Rgpghj]tp_Mv{¨ui
½·½¿@¹
­9i¯nr[_th_R{gpnh_Rtghiknrj]thiknr©v}»­Cd]¯§[<[-gnh[]_'^°iSl©^Mj]^j]^M¤|_Rtv{¨tp_R}©gpnr_	thgtp_RÉj]tp_R~-¨®v}t
i{oGgpv{¨ÄnÅi{th_az]©zÁ_	_R~³gp<[]_R~j]_av{¨unr[_a½·½¿¸¶  ¨Lnh[]g¾¨Ci{	nhv}t·gc_Rgpg·nr[ik»nh[]_¸j]^M¤|_Rt
v{¨§iJki{i{¤]_(th_	}gqnr_Rtpg'ÃÈ­®gh_	_°ÍO©}j]tp_`}¶ m¶ i}¯ºnh[]_R»nr[]_atp_R}©gpnr_	t·z]tp_Rghgpj]th_&[i{g']v-_ º_		nrg
v}2nr[_gh<[]_	~]j]_	tR|i{]~2nh[]_½·½¿ g_	¨Änfikg©n©gR¶ ]¾v§_	{_RtR|©¨nh[]_griknhj]tri*nrv{2_lmR_	_R~]gcÃ
­Cgp_R_aÍO©}j]tp_°`}¶ m¶¢¤¯º§_&i{~]~¼gp_Rthi{±ikthRgcnrvnh[]_¸½·½¿nrv2th_	~]j]	_&µn·¤|_R©vSnh[]_M©^/µn¾Ã
[]©_·^&]©^/©ÊR©]nh[]_']	th_Ri{gh_'v{¨nr[]_'	th©nhRi{ºom	_
­C¤¯nr[_ªth_	}gqnr_	tcghjmÌ/	_	]	o¬­9dfÍ1¯[]<[¼©gfnh[]_ª^&]©^Mj]^j]^ª¤Á_	tcv{¨1tp_R}©gpnh_Rthg¾th_	ÉAjth_	~³nrv
z]j]tpghj]_¾nr[]_¾Rv}^&z]jnriknr©v}°v{¨ºnr[]_¾vAv}z£¶  ¨nh[]gL¨Ci{	nhv}tL_lmR_	_R~]gÃ­®gh_R_·ÍO}jth_`}¶ A¶ J¯nr[]_	
ghz§RvA~]_2Jik]]v{na¤|_-iJ}v}©~]_R~£¶VÏ«_2©nhthvA~]j]	_nr[]_	gh_-]_	 ^/_	^/v{tpo«i{R	_Rghg&v}z|_Rthiknr©v}]g
nhvanh[]_½·½¿ ©2v}th~]_	tnrvath_	~]j]R_(Ã
	 ¤|_R©vSÃM¶
Z[]_"z]th©]R©zi{§^/v{nh©kiknhv}4¨®v}tMnr[]©gai{z]z]tpvi{<[²gMnh[iknanr[]_2tp_R}©gpnh_Rthga	v}]gpnhtri{©nrga@^&vm~]_	th
z]tpvm	_Rghgpv}thg¾i{tp_gh^&z]©_Rtnh[i{2nr[]_'tp_Rghv{j]th	_RgfRv}]gqnrthi{nrg¤|_RRi{j]gh_nh[]_Rtp_(ikth_¨®_	 zÁv}gpgh©¤]_·	v}mÐ
Ò}jtriknhv}]gº¹/nr[_2Aj^M¤Á_	t¸v{¨fth_	}gqnr_Rtpg¸Ji{@¤|_-ym Q{¼v}t°`S{ui{~@nh[]_2th_	}gqnr_	tªnÅoAzÁ_	ganh[ikn
§_ª}_	]_Rthi{µo¨®vm	j]gcv{Gi{tp_(	Âi{gpgh©Ò]_R~Gikg¾©nh_R}_	tRvi*nJ|}ji{tp~]gR_	nh{¶ ]¾v§_	{_RtRºth_Rgpv}j]tpR_ª	v}mÐ
gpnhtri{©nrgi{th_a©_Rghg'	v}^/z]i{tri{¤_{¶"SLik<[«z]tpvm	_Rghgpv}t'[i{g©nhgvS4z]tpv}zÁ_	tpnh_Rg	¶aZ[]g'v}¤]©}_	g·j]gnrv
th_	~]v4RvA~]_2gh<[]_	~]j]©]¼¨®v}t¸_Ri{<[²nri{th{_	naz]tpvm	_Rghgpv}tR¶´Ï µnr[¬nr[gai{z]zthvi{<[ºL§_-Ji{²^/vA~]µ¨Äo«i
½·½¿ gpj]<[»nr[ikn'µn'griknhgqÒ_Rg·nh[]_ath_R{gpnh_RtpgRv}]gqnrthi{nrg¨®v}t'i°[v}_¸gp_	nv{¨§z]thvAR_	ghghv{thg'©nr[»i
j]^M¤|_Rt±vk¨ºiJki{©Âi{¤]©_uth_R{gpnh_Rtpg±_	ghg1v}t_RÉji{nhvth_	}gqnr_Rtgriknhj]tri*nrv{£¶ ·j]tOi{z]z]tpvi{<[agzÁv}tqn<i{¤_
gh©]R_ªi°vkn¾vk¨1Rv}^&z]©_Rtpg(­C}	(¨®v}tf]gqn<i{R_¯j]gh_	gcnr[_ªgrik^/_'Òthgqn·gqnr_Rzg·v{¨1	v}^/zÂi*nrv{4­Czi{tpgqÐ
]}nh_Rth^&_R~Âiknh_RvA~]_}_	]_Rthiknr©v}ai{]~av}znh^&ÊRiknr©v}¯S¤]jmnLi'~ Á_Rth_	n  s«¤i{< k_R]~&¨®v}t±RvA~]_
v}znh^&ÊRiknr©v}2i{]~À}_R_Rtri*nrv{"¨®v}tf_Jik<[Àn<ikth}_ncz]tpvm	_Rgpghv}t	¶Z[]g¾i{z]z]tpvi{<[ÀJi{À¤Á_(i{z]z]©_	~Àv}
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ziknh[»©¨LzÁv{ghgh©¤]_k¶ªxf¨Änr_Rt·nh[iknR£nr[]_  s ¤]i{< {_	]~«Ri{»gh<[]_	~]j]_/i{]~»v}zmnr^&Ê	_nh[]_aRvA~]_M¨®v}ti
ghz|_R	©Ònri{th}_nfz]thvAR_	ghghv{tR¶
m¶nr[_Àgp_RRv{]~ i{zz]thvik<[ Rv{]gh©gpnrg&v{¨cJi{tptpoA]»v}jmn&nh[]_"	oAR©-th_	}gqnr_Rt&i{©vAJiknhv}V¤Á_¨®v}th_"RvA~]_
gh<[_R~]j]©]Çj]]~]_	t³i´Òlm_R~ gpghj]_4triknh_»v{¨¸i@ghv{¨ÄnÅi{tp_Vz]©zÁ_	©]_R~ gp<[]_R~]j_{¶ Z[]g-nr_	<[]]Éj]_
nhthvA~]j]R_	gcgpv}^/_(i{nr ÐÅ~]_	zÁ_	]~]_	]R©_Rgc¤|_	nÅ§_R_	¼nr[]_(v}zÁ_	triknhv}gf¤|_RRi{j]gp_Mv{¨±nh[]_ªtp_R}©gpnr_	t¾tp_Rj]gp_{¶
·j]tz]j]tpzÁv}gp_(©gnr[i*nfnh[]_'nrtpvm~j]R_	~³i{nhµÐÅ~_Rz|_R]~]_	]R©_Rg~]v&]v{nfz]tp_	}_	ncnr[_gp<[]_R~j]_	tf¨®tpv}^
i{<[]©_	A/i¸Òlm_R~"©nriknr©v}°©nr_Rtqki{º¨®v}tnh[]_'vAv}z£¶
Z[]g"th_	zÁv{tpn-g-v}tpi{]©ÊR_	~ ikg"¨®v}©vg£¹ R[ikznr_	tG´nrtpvm~j]R_	g"v{j]t-vAv}z ^/vA~]_R·i{]~ tp_RRi{©gnr[]_
ghv{¨ÄnÅi{tp_&zz|_R©]/v}zmnr^&ÊRiknr©v}-nr_R<[]Éj]_k¶  »ghj]<[4z|_Rth©vm~gh<[]_	~]j]_	gRµ¨®_	nh^&_(©nh_Rtq{ikgc^/iJo
¤Á_a	th	j]ÂiktR¶ªÏV_&i{gpv2th_RRi{nr[]_a	oA	atp_R}©gpnr_	tth_	ÉAjth_	^/_	nªik]~4i{©vmRiknr©v}³v{¨i AÏ sgh<[_R~]j]©_{¶
Z[]_-	oAR©2tp_R}©gpnr_	t¸griknhj]tri*nrv{²©gM~]_Ò]_R~ i{]~@gpnhj]~]©_R~² R[i{zmnr_Rt&yu[]_	th_2_-}µ}_2nr[_2_li{	n
¨®v}th^ªj]Âiknhv}´­Cj]gp]"nr_	}_Rt'©]_Ri{tz]thv{}tri{^&^&]¯i{]~«i2[]_Rj]tpgqnr	g¨®v}t'Rv}^&z]jnh]2nr[g'Éji{nrµnÅo}¶
df_	~]j]	]Gnh[]_gri*nrj]thiknr©v}¬¤o´i{~~]]À_lAnrthi»i{th	gMg(gpnrj~]_	~´«nh[]gM<[]i{znr_	tªnrvAv]¶ R§oAR©/th_R{gpnh_Rt
ghjÌ&	_R	oag1~_	Ò]_	~i{~/gqnrj]~]©_R~&[R[ikznr_	tL¶±x []_Rjthgqnr©¨®v}t1]gp_Rtqnrgpz]©	vm~]_nhvtp_R~]jR_nr[]_
ghjÌ&	_R	o"g~]_	gh	th¤|_R~º¶ R[ikznr_	tP¸gpnhj]~]©_Rgnr[]_'om	©tp_R}©gpnh_Rti{©vAJiknhv}/¤Á_¨®v}th_'RvA~]_'gh<[_R~]j]©]
j]]~]_	t°i¼Òlm_R~Ç_lm_R	jnr©v} thiknr_k¶ I_¨®v}th_-	v}]R©j]~]©]]u_"z]th_	gh_	n/nr[]_"^/iSwpv}tM§v}th ´©@nh[]_-Ò_R©~Çv{¨
th_	}gqnr_Rtfi{©vAJiknhv}/?R[ikznr_	tQ¶
Register AllocationScheduling 
Register Saturation Analysis
Reducing Register Saturation 
DDG
Extended DDG
DDG
DDG with antidependencies
Scheduling 
Schedule Independant Register Allocation
(a) Register Saturation before Scheduling
and Register Allocation
(b) Register Allocation before Scheduling
ÍO©}j]th_ª`}¶©`{¹ Anr_	z]g¾vk¨±d_R}©gpnh_Rts1th_	ghghjth_ªx¾i{µomgpgi{~jJ³iki{}_	^/_	n
o6oqpr4ssFs.t
 /N' '! 2  & '! !	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R
RS
RF
RS
RS
RF
RF
(c) Unavoidable Spill Code(b) Possible Spill Code Insertion(a) Null Register Pressure
reduced by
adding arcs
reduced by
spilling
Í}j]tp_M`}¶ m¹ud_R}©gpnr_	tfsutp_Rgpghj]tp_"Rv}mÒ}j]thiknr©v}]g
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Z[]gf<[i{zmnr_RtfnhthvA~]j]R_	gv}j]t¾½·½¿ ^&vm~]_	¦¶  nfRv}ghgqnrgfv{¨±©]]_	th^&v}gpn©vmv}zgµnr[]v{jn¤]trik]<[]_Rg	¶xcg
³nh[]_¸i{oAR©(Ri{gh_k£v}j]t¾^/vA~]_	©gcghjmÌ/	_	nh©oÀ}_R_Rth©(nhv¤Á_Mi{z]z]©_R~"nrv¤|v{nh[Ggpnriknr©ªi{~¼~oAi{^&
gpghj]_¾z]thvAR_	ghghv{thgR¶±ÏV_¾i{gpv(tp_RJikghv{¨ÄnÅi{tp_¾z]©zÁ_	©]]&­AÏ sL¯L^&_	nh[]vm~/i{]~/[]v nr[gLgpnrthiknr_	{oa jmÐ
_R]	_Rg'i°iknr_th_	}gqnr_	t·i{©vAJiknhv}£¶Z[_Mth_	}gqnr_Rt¾]_R_	~»gfgh©}[nrµo-~] Á_Rtp_Rn·©G	oAR©(gh<[]_	~]j]_	ggh©]R_
µ¨®_	nr©^/_©nr_Rtqki{g§¤Á_	Rv}^&_com	©{¶OÏV_·z]tp_Rgh_	nfi{n s¬¨®v}tp^Mj]iknr©v}¸¨®v}tµn§µnr[	
uki{thi{¤]©_Rg
i{]~	
Rv{]gpnhtri{©nhgR}µ}_	³i&½·½¿¶LZ[]_ghÊ	_'v{¨nh[]_Rv}]gqnrthi{nrg^/iknrtpµlg
¤Á_nhnh_Rt±nr[]i{Mnr[]_	v}^&z]_WlµnÅov{¨nr[]__Wl©gpnh]·nh_R<[]]©Éj]_Rg1[]©<[¸]	j]~]_i{¸]µnriknr©v}(©nr_Rtqki{A¨Cik	nrv{tR¶
Z[g<[]i{znr_	tg§v}thik]Ê	_R~2i{g§¨®v}©vSg	¶ m_		nhv}"m¶µ`·~]_Ò]_	gv}j]t©vmv{z^/vA~]_	O­Ä©nh[]v}jn¤]tri{<[]_Rgr¯
i{]~¼z]tp_Rgp_Rnrgv}jtc]v{nriknr©v}]g	¶ mv{¨ÄnÅi{tp_Mz]z|_R©]©]¸nr_	<[]]Éj]_¸©g¾~_Rgh	th©¤Á_	~¼ m_		nhv}»A¶ m¶fÏ«_ªgh_R_
nr[i*n/gpj]<[ z|_RtpvA~]2gp<[]_R~j]©]4nh_R<[]Éj]_"^°i{ k_Rg&R©thRjÂi{tªnh[]_2ki{j]_	ga©¨®_nr©^/_	gMnr_	tpki{©gR¶´Z[j]gR
nr[]_/th_	}gqnr_Rt'tp_RÉj]tp_R^&_RnJgpnhj]~]_	~¬ m_		nr©v}´A¶ yg'~]_Ò]_	~´ViÀ	oA	azi*nhnr_	th£¶ÏV_°zth_Rgp_Rn¸i
^/_nr[]vA~¨®v}t	v}^/zjnr©]M©n¤o°~]_R	v}^&zÁv}gp]Mnh[]_R©th	j]Âi{t§µ¨®_	nr©^/_fnh_Rtpki{©gnhvMnÅvaRi{ghgp_Rg£¹1nh[]v}gh_
[]<[4ghz]i{¼nr[]_¸[]v}©_ AÏ s  k_Rth_Rf­C	v}thtp_RgpzÁv}~4nhv"~ Á_Rth_	n']gqn<i{]	_Rg'v{¨unr[_&ghi{^&_¸gpn<i*nr_R^&_Rn<¯
i{]~ nr[v}gh_G[]©<[ ghzik i«¨®thi{	nhv} v{¨'nr[]_G^&v{nh©¨ ¶ÏV_G}©{_»i{ _li{n2¨®v}th^ªj]Âiknhv}²v{¨'nr[_G	oAR©
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(c) unrolled twice (d) interference graph after unrolling
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(a) circular life intervals inside the motif (b) unroll the motif twice to get exact interference patterns
(c) interference graph of the acylic intervals
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the value produced by 
scheduled in the current motif is
in fact defined in a further motif
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(b) Spilling for eliminating the values
traversing the iterations
(a) Inter-iterations values (c) Spilling for reducing the number
of values traversing the iterations
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(c) spill for 3 iterations(b) spill for 1 iteration(a) u traverses 5 iterations
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(c) Reducing the register sufficiency by spilling
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(b) Second Valid Reuse Scheme(a) First Valid Reuse Scheme
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